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INTRODUCTION 








1. During the summer of 19)6, 

at the Raabe Institute, the Seriet administration, composed or 

: General Geydikov and- Colonel Korolov, issued an order for the 
further development of. the A+. The objective was to materially 
increase the performance of the A-. the details of this 
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order were not known. Upon the arrival of the group in 
the Soviet Union, the Ministry of Armaments issued a similar 
order for the further development of the A-4. 




















the 
order established only general requirements. The basic re- 
quisttement called for a range of approximately 700 kilometers 
While delivering «#: LO0O+kilogram explosive with pessibly improved 
accuracy of fire. 


Zo This order sstablishned the R-~10 project 

" The R-10 might be 

to which the Germans were 

“assigned for a sneriod ranging from the fall of 1946 to the 
apring of ly4y.— Those involved in the work represented a. 
diverse group lon varying amounts of experience. 









































3. First of all, only a tew technicians from the original and 
princifal miasile development site in Peenemuende were repre~ 
gsented. ‘he few that were present had not held positions in 
Peenemueude which would permit them a deeper insight into the. 


overall program. ‘The Peenemuende specialists could offer Little 
experienca which might aexrva to give direction ta the develop-~ 
ment work. 


4. .. Avdother” group of specialists wad aompomad of the se~ealled 
- “APP ng’ mea", who bad had military experience in the actual 
fifing | of the. Awde The. technical training of members of ta. 
group waa partially incomplete. though they may have had firing 
. @kdétlohoe, ‘development porter’. could hardly be expected from 
thia group - 


5 A. group of wa theme ticians ‘working in the ballistic department 
ander the’ ‘divection of Dr. WOLFE (formerly chief ballistic 
expert at KRUPP) wes thoroughly gquipped to solve hasic oo 
and engage in development work. Particularly, WOLbi‘'s deput. 
Werner MUELLER, pessesged the ability to comprehend the ooeoe 
tical development stages, 2s well as the ability to solve these 
problems ae bene thoi 


6. “Questions in serodynamion,: especially in the supersonic field, 
were dealt with primarily. by Dr. ALBRING, chief of the aero- 
 dyneimic. . department.  Vaat. knowledge in aerodynamics, an opti- 
mistic outleok, and a.cxaative talent permitted ALBRING to make 
many. contributiens in ‘the development work. 


Ts. The. thermodynamics department led by Dr. UMPFENBACH worked on 
the propulsion unit. this department had several good scien- 
itiste capable of solving theoretical questions. Creative tal- 
ents, however, could hardly be found in this section. 


8. The controla were in the hands cf Dr. HOCH, a competent and even 
| greative professional, though he was of unreliable character 
and was an informant. 


Qe Radio was primerily in the hands of the creatively talented 
practician PREIKSCHAT and the theoretician Dr. MOLLWO. 
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The design and streas department was essentially composed of 
dévelopment men from the former ARADO Airplane Plant. These 
men.werd thoroughly capable of carrying out new development 


work. ‘the design work was performed under the leadership of 


Dipl. Ing. BLASS and his deputy, Ing. ANDERS. 


The stress section, under Dipl. Ing. and Dipl. Math. Rudolf 
MUELLER was responsible for all questions of 
estructural design and stress analysis. | 





























Ae can be seon from the above, it was hardly possible to base 


the development work on the A-4 experiences of the Peenemuende 
representatives. Scientists and engineers coming from the | 
most diverse fields had to give the impetus for the develop-. 


ment work. Development carried out with this type of human — 


material was a risky venture and. doubly so aince axperimentation 


Waa non-existent: 


During the course of development, many channels ana possibilities. 


were explored theoretically and numerous draft reports were 


submitted. The final product, of the R-10 projects was a. .volumin- 


ous report containing the complete design of the missile, 


This report was turned over to the Soviets but final disposition — 


partes being constructed. at Gorodémlya Island. Whether or not 


oe 


the R-10 missile was constructed by the Soviets war nevor dis= 
covered by the Germans. - 


‘FUNDAMENTAL CONCEPTS UNDERLYING THE DEVELOPMENT OF THY R-10 


14. 


L5- 


16. 


The drawings of the Aw4 a ware available to serve aa basic 
data for the German group. 

calculations which could have given more detailed insight into 
the interrelations of the A-4, were completely migeing. Only 
those calculations which had been newly compiled in Germany 
during 1946 and again in the early daya in the Soviet Union 
were available. How incomplete and unreliable the newly com- 
piled calculations were is readily conoeived when one recalls 
the few and loose directions which were given to the German. 
specialists. 








The given requirements were to be achieved under no oircumatances 


by simply making minor changes in the A-4. Consequently, 4 
syatematic new development on a tathematical-physical~technical 
basis became necessary. Experiments wore not poasible, except 


on a very modest scope and primarily only in the fields of 
controls and radio. All reference. points used during the design 


stage were obtained from the calculations performed during the 
theoretical phase. 


The ensuing development work took the form of very close oo- 


ordination between the various departments. . This coordination 


took various forms. Thus, for example, it: took the form of- 
conferences between the various deparituent ‘chiefs, under: the 
chairmanship of the chief ‘designing. engineer, and to. which 


principal experts were invited. At other times, it took the 
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form of consultations between'a few or several department 

ehiefs..or experts. : 

47. The ballistic calculations showed clearly that two factors were 
a of great importance in. reference tothe missile's range: 


a, the specific thrust in ke thrust per kg fuel per second, 


be. .The relationship of the launching weight to the weight at 
«propel iant~-ocut-off. | 


18. For. this missile therg.appeared.to be little chance of improv- 
'  - dug.ghe aerodynamio drag. and.so the drag factor moved into the 
background in regard t@ the two .»forementioned factors. 


19. Asifar.as point.fa) wag concerned, an increase of the specific 

| thrust.could he achieved; byjmeane.of different reaction materials 

(fuel), imeraased. comkustion.pressure, and/or more efficient 
sombusticn.s The abwance of any experimental possibilities 
seemed.to. wake-a study.along these lines either impossible or 
too.daring.. Therefgre,.a material improvement of the specific 

thrust for the development of the A-4 had to be dismissed at 

that time. | | 


20. Increasing the ratio of the launching weight to the weight 
at’propellant-cut-off could be achieved by: 


| ae Improving the air frame (cell structure design). 


be Tnireaaing- the abaolute launching weight while using the 
game combuation chamber. ‘that ia, by means of decreasing 
i) the relationship of yvoaket thrust to launching weight. 


zr ce. Carrying out thoraugh weight economies in all other parts 
, .. ..9f the missile, particularly in equipment, control mechanisms, 
3 . and auxiliary drivea of the combustion chamber. 


4. Improving the arrangement of the mixture ratio; that is, by 
_  deexéaging the residual fuel in the containers, fuel lines, 
and the combustion chamber. 
@. Providing: for aveystem in-which the warhead could be separated 
> fromthe airirakes ee . 
f. Providing for a multiple-satage construction of the missile. 


2h The, following discuasion represents my recollections of the 


thought, process andthe problems involved in the handling of 


the above six etopa 4s associated with the R-10. 
yin hh 


a o s a : 
22. In order to, execute the required. atress analysis on the A-4, 

4%: was necessary to make a6-called load assumptions (lastenan- 
 gahmen}. :1t was neceasary.to find for every structural part 
2°" the stress or*at least the ideal stress which would affeot that 
"part most unfavorably. Such load assumptions were readily made 

using the available data resulting from weight measurements, 
calculations cof the ballistic path, the aerodynamic calculations, 
the oontrel force calculations, the rocket thrust, etc. From 
these “load assumptions” and the resulting stress analysis for 
the A-4, 2 series of reference points for the airframe structure 
were obtained. It was revealed that the transverse load and the 


Aixrfrane 
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resulting bending atrese, two factors which are of primary 
importance in airplane design, were relatively unimportant 

to the missile. It was found that decisive for the rocket 

were primarily stresses arising fron the longitudinal forces and 
the surface pressures resulting from the air flow. Although 
bending moments were present, they were considered of gacondary 
importance in the structure. 


23. %In the course of the development it was shown more ana more that 
thermic stresses entered into the problem. These would arise 
from the very low temperature of the liquid oxygen (approximately 
e183°C) and also from the possibly very high surface temperatures 
which would develop from the friction of air 907% ‘tne surface 
at very great speeds. 


24. When the structure of the AA was regarded from these pointe of 
view, many things appeared illogical. Foremost, the greatest 
section of the missile, the central section, was apparently 
designed incorrectly. To clarify this point a short disserta- 
tion was presented on the already well-known structure 25X11 
of the A-4. ‘two welded light metal containers (the front one 
for the reception of the alcohol, and the rear one for the re- 
ception of the liquid oxygen) which for technical reasons were 
placed under a certain amount ofi pressure, were attached at a 
few points to the outer shell. Between the containers and the 
outer shel] was a thermal inaulation composed of glass wool. 
All longitudinal stresses, bending moments, and pressures acting c 
on the outer shell had to be absorbed by the shell structure. 
The outer shell, made completely of steel, was reinforced by 
means of 8 stringer and former network. The many connecting 
pointe at the missile head and at the tail, as well as the many 
flaps, pointed to a very inferior stage of development in the 
‘structure. These circumstances gave rise to the inference that 
many imperfections were to be found in the remaining basic struc- 
tural designs. 





25. This. two~case structural design was bound to be not only expensive 
to construct but alao added a great deal of weight. It further 
resulted in a diminution of the tanks’ contents because of the 
inevitable reduction in dimensions. 


26. Because of the above shortcomings, a single shell structure was 
considered ond found to have many advantages over the old A-4 © 
structure. The following consideration led to this conclusion. 
For technical reasons the tanks must be constantly subjected to 
a certain pressure, This is particularly important in regard to 
the liquid oxygen, as the latter is very close to the boiling 
point and since the boiling point is raised as a result of an 
increased pressure. A boiling liquid is difficult to convey 

F in exact quantities and causes a great cavitation danger for the 
pumps. 


27. A circular container under continuous pressure produces ten- 
sile stresses on the container walls which are two times as 
great in the circular direction as in the longitudinal direction. 
However, the tensile stresa is that stress which will support © 
the greatest values in a thin-walled structure. Such a structural 
design results in the lowest expenditure of material and, con- 
sequently, the least weight as well. 
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28. To be considered then was the relatiionship existing between 
such a structwe which would produce preasure from within and yet 
must absorb outer forces, that is, the longitudinal forces, the 
bending moments, and the outer pressures upon the surface. 

The pressure and longitudinal forces acting on the missile 

must decrease the tension and Longitudinal forces produced from 
within the tanks. Should these compressive and longitudinal 
forces become greater than the tengile forces and longitudinal 
forces, a compressive force would result which up to a certain 
point (that is, the buckling forces of the cylindrical shell) 
could be absorbed. 


29. The bending moments of the missile would produce tensile and 
compressive stresses. ‘The tensile stresses would increase whe 
already existing tensile strength coming from the internal 
pressure. ‘his was found to be permissible without increasing 
the wall thickness since the longitudinal tensile stresses ar.is- 
ing from the inner pressure would be only one-half as great as 
the circular tensile stresses. Coneerning the compressive 
stress and bending stresses nothing more need be said, since 
the same considerations apply that were discussed above in 
regard to the compressive and longitudinal forces. 


30. Another problem considerec was the result of the forces because of 
the flow of air over the missile. The flow of air would produce 
pressures positive or negative depending on the position along 
the longitudinal axis. When the angle of incidence is zero 
degrees, the forces would be equally distributed around the 
circumference and either added to or subtracted from the in- 
ternal pressure. “he magnitude of these forces are small com- 
pared to the internal forces and thus have little effect. In 
the case of the A-lk, the surface forces on the outer skin were 
not absorbed by the larger internal pressures and thus were of 
such magnitude as to cause skin deformation and additional stress 
in the spars. . 


31. Should the missile be flown at an angle of incidence, a some~ 
what sine-shaped pressure distribution around the cross-section 
of the rocket would result, Since these pressures are, however, 
always small in relation to the internal pressure, 4 minute 
deviation from the round form that might result would lead to a 
hew state of equilibrium resulting from the internal pressure. 
During the course of construction or during ground handling, 
internal pressure would not be present fcr stability and so 
Light ribs were provided for in the design. These ribs were 
to be placed at intervals of approximately 800 mm. These 
ribs could, in addition, contribute greatly to maintaining 
the round form, and thus be more receptive to the air forces, 
which have already been deseribed. 


32. During the transportation of the missile from the factory in 
the Meilerwagen (specially constructed transport carriage) 
on the street, os well as during the mounting on the launching 
table, sufficient stability must be provided for the container 
central part, even without internal pressure. It was found that 
by means of an intelligently placed support for the missile, it 
would be possible to keep the forces and moments very small 
and that sufficient stability for'all practical purposes on the 
ground could be maintained. 
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33, It was found further that the atructural design of a oiroular 
unbraced cylindrical shell had a certain buckling strength 
during flight even without internal preseure, providing only 
the-ascending part of the flight was considered. 


34. Another. problem of concern was the factors involved due to therm- 
oe al conditions. Since liquid oxygen has a temperatue of -183 °C, 
there would result at normal outside tempe rature, & Very great 
temperature difference petween the air and the container wall. 
If, by means of an opened valve, the container waa ventud, then 
the containex pressure eould not rige above the outside pressure. 
_ Phe total amount of heat absorbed would then be dissipated in 
evaporating the oxygen, and the liquid oxygen would remain at 
essentially the same temperature. 


= R56 Immediately before launching, the oxygen tank must be placed 


under pressure. As a result, the boiling point of the liquid 
. oxygen would be raised. Before. the oxygen may be brought to 
the boiling point it is necessary to supply sufficient heat 
to the entire liquid and only then would a11 additionally 
added heat be used for the vaporization. (If the heat supply 
onthe walle is very intense, the boiling temperature will be 
reached at the walle while the liquid within the interior of 
the container hardly changes, resulting, therefore, in local 
vaporization along the container walle.) During the ascending 
part of the flight, heat is naturally supplied, because of / 
1) greater flow apeeds, 2) the increasing temperature aiffereticoe, 


sinoe a great increase of the boundary layer temperature ap- 
pears at high speeds (proportionately with the. square of the 
apeed). When the main apeed acceleration occurs at reat 
heights, the transmitted heat quantities are, however, ninute 
since the air density entera proportionately into the trans- 
mitted heat quantities. These heat transfer characteriatiocs 
were taken into consideration based on the possible R-10 di- 
mensions. They were salovlated by excellent heat specialists | 
for later development purposes. The temperature rises of the 
liquid oxygen, ae well 46 the local vaporization along the walle, 
remained within absolutely tolerable limits throughout the 
required time. Ag thea oxygen container already would be sub- 
jected to presaure by means of gaawous oxygen, it remains im- 
portant only from the standpoint of the gas-producing unit to 
determine how much gaseous oxygen would be formed along the 
gontainer's walle and how muoh in the gas~-produoing unit itself. 


36. Some deliberations were made on matters concerning the thickness 
of the frost layer which could settle for 4 time while the fully 
tanked migsile would be standing and the layer of ice which 
sould settle during rainy weather. The aerodynamic impediments, 
as well an the additional weight, were found to be inwignifi cant. 

It was felt that all this would soon melt in the oourse of the. 
asoent bacauss of the considerable boundary leyer temperature 
developed. 


37. All calovulations pointed to the fast that no oritical olroum- 
‘stances or other unpleasant considerations gould be found whioh 


worked against the selection of the one- container structure 
for liquid oxygen. 
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38. In the case of the alcohol container, the circumstances were 
much more advantageous since the alcohol would be at approximately 
normal temperature, and thus the formation of frost or ice would 
. be completely out of the question. Further, since there would ~ 
be a much greater difference tetween the normal temperature and 
the boiling temperature as in the case of the liquid oxygen, 
there would not exist any cavitation danger for the fuel pumps. 


39. In order to lose as little space-as possible for fuel in such @ 
one-container structure, the two containers were separated only 
by a partition with oxygen in the lover portion of the container — 
and alcohol in the upper. Since the two liquids would have a . 
temperature difference of approximately 200 centigrade, there 
would occur as a result heat-conduction along the walls and 
also, as a result of radiation, a certain interchange of heat 
between the two liquids in the vicinity of the partition. This, : 
however, would be practically confined to the pre-launching : 
waiting period of the fully tanked missile. Since the liquid 
oxygen would not come in contact with the partition, the layer 
ef gaseous oxygen in the condition of equilibriua, which would 
‘ pest over the liquid oxygen, would form a good insulator. The 
alcohol immediately above this layer and along the partition 
would be in a state of equilibrium during this period as well 
as during the cooling process. Due to the fact that the pure. 
heat condition of the liquids is very low, there would occur 
locally, nevertheless, a noticeable cooling of the aloohol. 
The danger of a local freesing of the alcohol, however, would 
not exist. Consequently, in the course of the later develop- 
ment work the originally planned insulation of the partition 
was dispensed with. | 


40. Of importance and worthy of mention is the selection procdédure 
of material used in the central part (containers) of the missile. 
The containers must be impermeable to gas and liquids. Therefore, 
and in view of the thin wall dimension, a rivet construction —— 
was immediately diemissed as impracticable and a welded con- 
etruction was chogen. . : 


41. Most gonetruction eteele become very brittle at low temperatures 
(-263°C), that is, they have a very low notch-impact strength. 
®herefore, steel was at least momentarily dismiased. If made of 
steel, the wall thickness would have only 1/3 the wall thick- 
nese of a light metal (alloy) of equal weight. This would | 

result in a very thin wall dimension for the outer shell, which 

would have a great surface sensitivity and a iower buckling 


atrength ° 


42. At that time the light alloy AM/ 3 wae pointed out to the Germans 
| as having excellent welding characteristics and at the. same tine. 

ae being easily procurable. A major disadvantage of this: alloy 

was ita low tensile strength aga partioularly ite low elastic 

limit of approximately 8 kg/mm“. For certain connecting parts, 
“euch ae the front and rear connecting ribs, a similar light neotai 
alloy was weed. The low tensile strength values of the materials 

Zed to relatively large dimensions. Wevertheless, there re- 
sulted a considerable weight saving. 
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From the selected form of the missile (approximately the same 
contours as the A~4) and from the ballistic path, considerably 
high surface temperatures, particularly in the forywara container, 
could be calculated. | temperatures of approxi-~ 
mately 340°C in the 2.55 mm outer shell were obtained through 
calculations. Naturally, at such temperatures the alley's ten- 
sile strength decreased sangiderably. a 
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Reference must be made to another matter in line with this 
development. In the A-4, there were distributed over the 
Missile's entire body many flaps and aagcess panels. Several of 
the old "Peenemuende” specialists thought that these parts 

had frequently been the cause of mishaps. The design of these 
parts would make this theory very plausible. Therefore, during 
the new development, care was taken to eliminate these parts 
entirely or at any rate to reatrict the number as much as pos- 
sible. hus, there was not a single outeide opening flap on 
the entire central section of the missile. In the warhead, 

» one or two flaps were placed with a great 
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The 
connecting points between the warhead and the central section, 

a6 well ag the conunocting points between the tail and the 

central gaqation of the missile, were go designed as to make 
unnecessary additional cover plates. {Further particulars con-° | 
cerning the design are given in @ later gection. . 


The old A~4 construction was characterized by ites shell con- 
struction, which was made of steel sheets with tight rib and 
Stringer paneling. ‘the stringere were continuous, thus cutting 
through the ribs and a3 a result weakening the latter. These . 
ribs were greatly strained as they had to transmit the bending 
moments from the tail controls. Because of the shell design, 

many connections were provided for the connection of the trunk 

to the central section of the missile. This type of connection 
must be vegarded as statically too intricate and too diffi- 
eult for construction. Conspicuoualy difficult and intricate 

was the final ‘rib of. the tail cone, a piece of light cast metal. 
The tail controls also were made of steel and had the important 
structural task of transmitting all the forces of the fully 
tanked miesile while rested, prior to launching, on the so-called 
“launching table". | | 


In order to aconomize on weight, to make the design less complex 


and olearer, basically different force paths had to be considered 


for the R-10. The greatest forcea for the rear section came 

from the fin and rudder with their airloads and the longitudinal 
forces derived from the mounting of the missile on the launching 
table. It appeared, therefore, advantageous not to conduct 

these longitudinal forces into the tail section shell and then to 
the central section of the missile by way of the many connect- 
ing points. ‘The simplest way was to conduct these forces 
directly from the fins to the central section of the missile 

at these four points. Should the fins not reach the central 
sections connection, then the forces would pass over the in- 
mediate continuation of the four connecting points, the out- 
riggings, longitudinal forces and bending moments from the | 

tail section cone would then also be carried by the out-riggings. 
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‘From these considerations resulted a simple 4-point connection 
of the tail to the céntral section of the missile, Further 
ys ox Sut-riggings “for the tail were no longer necessary- 


hs tail “ribs were ‘onintexrupted, and not weakened, by stringers 
that “cout through them. ie .. 


47. The end wb in the'tail was designed as a simple U-shaped rib. 
It served at the same time as support for the motor nozzle, 80 
that no great strain would be placed on the propulsion unit as & 
eault of transverse loads acting through the thrust frame. 
-- $inoe the forces from the propulsion unit would be opposite 
generally to the air loads of the tail unit, the result was 3 
force equilibrium and an easier arrangement. 





48. The jet fins and their bearings and the rudder mechanism were 

4" gtored in a welded ateel box, which was mounted ta the strong 
end rib and the tail unit spar. Through this measure @ simple, 
firm, and neat grouping for these parts was achieved. - 


49. The original aerodynamio thinking was that suction or a negative. 

pressure would act on the outer skin of the tail section as 

long a6 a good seal could be ed between the nossle and» 

tha end rib. However, later, 

results of lift and pressure distribution 
measurements unuex verious Mach numbers were published for the 
A-4. These results showed & rather complicated distr:iibution on 
the tail during initial firing under angles of incidence. From 
the stress point of view a pressure was needed acting internally 
on the skin. It was thought that thie could be- achieved through 

- wentilation, but the lack of aerodynamio data prevented & 
a solution. Because of this and the leaking of the tail., the 
atress analysia became uncertain and the problem was lett for 
solution at a later time when firing testa could be made» | 














50. The material decided upon for the tail eection was to be & high ; 


grade alloy rather than steel. Disregarding temperature require- 
ments, thie material would be advantageous in construction and 
tn relation to the all important weight and range considerition. 
The material was an alloy eimilar to dural . The heating of .. 
the outer covering in the tail section would be very high and” 80 
the atrength would decrease rapidly. This, however, aid not. 
affect the material selection, eince the highest demande on ‘the 
outer covering would appear at a time when the surface tempert- 
ture would still be low. At the time of greatest heating, that 
ds at propellant out-off, the etress demands on the tail section 
would be small. This also applied even to & higher degree to 
the tail unit covering. 1: 


51. Before the development of the warhead ia discussed, & ehort 

-  @esoription of the known desiga of the A=-4 warhead should be 
‘given. In the A-4, explosives were eimply placed in a thick steel 
ghell, which was closed by & fairly thick eteel door. The outer 
form wae the front part of the ogive of the missile. No separa- 
Sion between the warhead and the reat of the missile took place 
‘after the propellant out-off and 80 the only atabdility coneidera- 
tions were for ihe entire aissile. A separation of the warhead 
frow the rest of the. missile .wac galled fer in:the new develop= 
ment of the R-10. /Thie shall be discussed in more detail further 
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in this section./ During the development there were no explosive 
experts available to lead this project. 


5@. Since an increése in the explosive had been demanded, 4 considera~ 
ble weight inerease of the warhead would have resulted in ree | 
taining the thick steel shell, Since the weight of a missile is 
the most criti¢al factor in respect to range, a reduction of 
the structure weight had to be attempted. 


53. A considerable increase in range demands greater. velocity (range 
approximately proportional to the square of the speed) and, 
therefore, results in an inerease in heating. Retaining the 
wall dimensions of the A-4 would have probably resulted in a 
dangerous heating of the explosives. Consequently new considera- 
tions were involved. 


54. The first question was, “Is the thick steel wall necessary for 
dam up reasons or not?" The Soviets and also the Germans an- 
swered, "No", Ignition should take place at a eettain. dilstance 

.gbove the ground. Consequently, a protection of the expl.osives 
at impact by a thick shell was unnecessary. 


55. Before attacking the design problem, something should be said 
about stability. The free flying warhead naturally had to be 
stable, that is, the center of gravity had to be ahead of the . 
center of pressure. Because the outer form was fixed, stability 
could be achievea in two ways. Either the separation point for 
the warhead could be at a point far enough to the rear to permit © 
the explosive to provide a forward center of gravity, or the 
end of the head as provided with appropriate controls. Con- 
structively the first version was preferred, whereby a piece of 
the missile was simply included as a stabilizing shell. 


56. With this in mind, what design could be imagined which would. 
resist the stresses and the high temperatures obtained during 
descent, and also protect the explosive from undue heating? 

Two different designs were undertaken. The first was to select 
@ material which could not resist the temperatures for long and 
was slowly destroyed, for example, burned out. The destruction 
colild not proceed too fast and the material would have to have 
the smallest possible heat transfer coefficient, so that the 
heat would reach the still undamaged material as slowly as 
possible. Through a low heat transfer coefficient, heat pro- 
tection for thé explosive could be achieved at the same time. 
The expansion of the covering for the explosive would then 

be negligible and, therefore, the formation of a very undesira- 
ble hollow space between explosive and outer covering was not to 
be feared. 


57. A plywood covering, protected by impregnation against direct 
combustion, appeared to be the right answer. The theoretically 
very difficult question remained, "How much of the plywood 
covering would be destroyed?” The plywood covering had to have 
such thickness that the remaining part had sufficient solidity. 
It was not possible at the tine to make actual tests. The only 
experiments were those made on plywood with a blowtorch and with 
autogenous welding apparatus. After burning with the blow- 
torch (1300°C) for half and also one minute, the results showed 
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relatively little destruction of the surface. But with the weld- 





dng apparatus the 10 mm plate was destroyed in 20 











seconds. ‘he transferred amount of heat during this time was 


measured by nelting ice blocks, and then compared with the 
theoretically calculated amount. Such primitive experiments 
naturally could not lead to satisfactory results, but only served 
as an indication. Since the astual- boundary layer tempera~ 

tures in descent possibly would be somewhere between the tempera~ 
tures produced by the blowtorch and the welding apparatus, and 
also the time in question was possibly a little longer than 

half a minute, such ea construction method asemed possible. 
Obviously clarification by actual tests were necessary. 


Therefore, the thickness of the plywood was then assumed to be 


20 mm,'and the depth of turning was calculated at 10 mm,leaving @ 


10 mm wall thickness for support. A 20 mm plywood covering 
had the same weight, approximately, a5 a 2mm steel covering. 
Since little heat could penetrate inside, the cover would not 
expand and would fit the explosive. Consequently, the cover- 
ing would be braced: by the explosive and there would be no 
danger of breakage becmise of the pressure on the outer covering 
nor from longitudinal pressures. 


In the rear, the freely protruding part of the plywood shell 
would be subjected to longitudinal pressure forces and also to 
outer pressure. ‘The protruding plywood shell was reinforoed 
by means of & wooden rib. The outer casing of the warhead 
was mounted on ea amall ledge of the central section of the 
missile. ‘nere were no further attachments. The union of the 
two parts was effected solely by means of a spring tension 
along the cantex axia of the missile. For this reason, the 
rear sealing panel in the warhead and alec the forward panel 
of the central section of the missile were given a conic shape. 
Such a shape (i.e. for the panele) was most favorable for the 
reception of centrally introduced longitudinal force. 


By means of the above described structural design, 1% was pos- 
sible to lower by a fraction the atruotural weight of the mis- 
eile as comparad with that of the A-4. Wor a second method, 
the Soviet chief engineer KARGANOV demanded the execution of 

a design utilising a steel shall as well. 


Ae already mentioned, it was unfeasible to use the methods of 
the A-4 in this connection. he baaic considerations and atart- 
ing points were as Followe:. To vee a shell of heat resaiating 
steel (9.1%) and dimenaionalize it in order that all forces 

at the existing temperature could be absorbed, a safety factor 
in the range of 1.5 was essential. Suoh a strongly heatert 

steel shell naturally would expand considerably ina ciroular 
as well as ine longitudinal direction. A direct ingertion of 


¢he explosive then waa out of the question. Consequently, & 


construction of a second shell for the explosive was necessary. 
Thig second shell was to be made of comparatively thin-walled 
@lloyed sheet matal. dn order to obviate an overly atrong cone 
struction of the two shells (partioularly the highly strained 
outer steel shell) supports or braces between the two shells 


‘beoame nacessary. Thess braous, however, had to be constructed 


dn such a manner as te sonduet very Livtle heat and to assure constant 
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putting in the face of the strong expansion of the outer shell in 

es cirewnferential and in a longitudinal direction. | 

‘$2 Pursuant to the laws of heat transmission, a material was 6é- 

? Seeted which at high temperature would have sufficient stability 
co (”dle at the same time possem & low thermal conductivity. Fure 
. \ hdr, da-order to limit the surface effected by the heat trans- 
_ . pheston, highly siloyed nickel-steel studs were riveted at the 

-gapport points. ‘The interval between thease studs was approxi- 
mately 40 um. The resolving linear length for heat conduction 
-. Of Shese suppert atuds, because of structural-technical reasons, 
was unfortunately very low. 


63, From the strength of the sheet metal for the outer shell it was 
"possible to caloulate the relation of the temperature at the 
4nédividual points aid elso the expansion in the o1roular and 
Jengitudinal direction. The transmission of all longitudinal 
fevoad between the inner and the outside shell would take place 
«Fa Se forward part of the vortex where the diameter was small. 
Shbeceennecting point was thus the reference point for the 
 Jonghtudinal expansion, since et this place the reciprocal dis- 
 placenent:ia sero. | | 


— She Be placing a conte ring on the inner casing where a brace betwean 
"~" the swe shells would be desired for stability reasons, the brace 
_.- feeade-woulée then, during every thermal expansion, methodically 
_, magpent Kheae conic rings. The conic ring pitch had to correspond 
-~ 9Re watio of the clroular to the longitudinal expansion 
~ et ‘this point. ee Pt. 13 pare 35a/ | 


(65. -afurther comment is submitted in regard to the heat transmission 
| petween the two shells. The heat transmission results through: 


‘a. heat conduction through the air gap. 
be heat radiation. 


66. The amount of heat which can be transmitted by means of an air 
gap de, of course, emall. ds this gap was open at the rear of 
the warhead, @ very minimal air density would be available not 
only at high eltitude but at low altitutde es well, since a 
etrong suction head would exist behind the rapidly flying warhead. 
Sinoe the aly density enters linsarly into the tranumitted air 
mass, the heat conduction would remain very email. os 


67. The heat tranomission through radiation is dependent on the fourth 
power of the absolute surface temperatures and on the surface 
constants of the materiel used as surface. Since the surface 
temperatures while on the ground would not be material, only & 
moderato heat transmission would be possible irrespective of 
time. Duxing take-off the surface temperature would inorease 
markedly, but the aveilable time would be very emall. Jn ad~ 
dition, the light metal surface selected for an inner ehell 
nad « very low radiation coefficient. 


68. The total transmitted heat quantity was used to heat the inside | 
shell (that is, the light metal surfuce) and in addition a 


SECRET - 


Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4 


Sanitized Copy Approved for Release 2010/06/30 : CIA-RDP80-00810A001400010001-4 





SECRET 
aA. 











small layer of the adjoining explosive. Sinca the explosive 
turns liquid or at least pasty at approximately 70°C, the 
temperature would have to be kept as far below this point as 
possible, for the explosive charge entered into the strese 
caloulations as a solid body or support for the two shells. 


69. The "stabilization ring" (Stabilisierungs Ring) which extended 
to the stern and passed over the explosive part was reinforced 
by means of a steel rib so that it was capable of absorbing the 
outside air pressure. As this interior rib would remain much 
colder than the outside shell (skin) considerable thermal 
stresses would be present. The possibility of introducing a 
cold rib into the outside shell, while heated to approximately | 
400°C, in the hope that this pre-stress might improve the 
operating condition, was considered. 


70. The connection of the above-disoussed steel warhead with the 
central section of the missile was, in principle, similar to _ 
the plywood warhead which has already been briefly treated. 





71. The structural design of the steel shell was rather complex 
. and the structural weight was greater ( approxi- 
mately 70%) than that of the plywood warhead. However, the 
weoeon Was much less than that ee the A-4. 











72. However: one point which repeatedly arose towards the end of the 
development work should be mentioned here. Conspicuous in this 
presentation is the fact that in respect to the structural de- 
gign of the A-4 nearly everything was altered, while the ex- 
terior shape of the A-4 remained virtually unchanged. In the 
early periods, since the aerodynamic department had no experi- 
mental opportunities and only very limited literature at its 
disposal, the department was very handicapped. At the time no 
Glear opinions prevailed as to the advantages that could be 
gained from changes of the exterior form. In addition, the 
whole development staff was at the time not sufficiently famil- 
dar with the new project. Upon completion of the working draw~ 
ings and the calculations, it became evident that a simple oonic 
form would be more desirable. However, because of the advanced 
atage of development of the R-10 and the uncertainty converning 
the new exterior shape, the R-10's shape remained that o:f the 
A=-4 except for a minor inorease in the length. 


73. This completes the toantnent of the Kevelonient of the air frame's 


atruotural design and the various viewpoints held by the German oO 


staff in this connestion. 


Batie of Launching Weight to Rooket Thrust 


1h. It was in connection with the problem of inorease in absolute 

launching weight that much unoertainty prevailed. A clear formu- 
la applicable to this problem could not be found. The important 
factora in this connection were the slteration of the air frame 
weight, which was very much dependent upon the surface tempera~ 
tures, and finally the resulting gain in the beritstre TERE 





75. The determination of the surface temperatures was’ not possible | 
through an integrable formula but instead required time-consuming 
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multiple atage calculations in tabular form. However, to do thie, 


the ballistic path dimensions were necessary and these in turn 
presupposed knowledge of the design dimensions. The ballistic 
path values, however, could be determined also only by multiple 


 gtage tubular caloulations and this was very time consuming. 


76. 


TT. 


76. 


73° 


On top of all this, there was some uncertainty concerning the 
views on the launching. If the ratio of motor thrust to the 
take-off weight became increasingly smaller, then the missile 
would have increasingly slower acceleration. This could cause 
diffioulties when lifting the missile off the launching plat- 


form, if the motor thrust were not activated sufficiently rapidly 


and at its full magnitude. Furthermore, greater difficulties 
could be expected in windy, squally weather. Because of these 
numerous uncertainties, it was deemed inadvisable at the time 
to go far below two in regard to the ratio of motor thrust to. 
launching weight. the ratio for the R~10 was 














somewhere around 1.75- 


Using the design of the central section a6 described above, it 
Was possible to stow more fuel in the central section of the 
missile while using the same length and diameter as the A=«d. 


In addition, it was possible to increase the fuel volume further 


by lengthening the fuel container further without materially 
increasing the weight of the missile. 


Without at firat basically clarifying all the questions and 


problems outlined and thus obtaining an optimum ratio, the 

work proceeded as follows: The fuel quantity was simply in-. 
creased to the point where the demanded range could be obtained 
with sufficient fuel reserve.- ‘his theoretical reserve was 


deemed necessary because of the many uncertainties and imponder~ 


ables. 


In this connection, it should ba pointed out that the assumed 
absolute motor thrust also was inoreased somewhat as compared 


to the A-4. ‘This increase in thrust was achieved by means of a4. 


slight increase in the combustion chamber pressure. Combustion 
teste of this kind with an A-4 combustion chamber were made in 
Germany. uring these testa, motor thrusts of 
36-38 metric tons were obtained on test stands without diffi-~ 
culties. . 














Weight Boongmias 


80. 


81. 


Modification in the air frame design alone would hardly have 
been aufficient to increase the range had not weight economies 
on many other parta been made also. All motor parts were | 


re-examined with respect to their importance and when possible 


subjected to weight BCONOML SE v 


The controls, inclusive of radio, constituted a large part of 
the weight of the A-4. The type and size of the A-4 equipment 
made it necessary to house the equipment in the forward part 


of the missile. Vhis so-callwd "missile-rack" (Gaert.etetraeger ) 
added not only a considerable amount of weight, but also occupied 


@ great des). of space which resulted in a loss of fuel. storage 
space. Added to this was the laok of safety resulting from the 
required access panels for the connecting points could easily 
be the cause of "air dispersers" (Luftzerleger). : 
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82. On the basis of many theoretical studies, as well as model path 
studies (Bahn/modelluntersuchungen), a new radar process was 
developed, based solely on the gyrogcope. (Kreisel) and radio. - 
Important for the miséile's acouracy is the ¢xact control in 
relation to speed atid exact positioning in space ag regards to 
the ascending part of the flight path up to the moment of propel- 
‘lant cut-off. Theoretically, the new unit was to diminsh ocon- 
Siderably the possibility of target deviation. Also, it was no ; 
longer necessary to put these units in a particular space; 
instead, they could be added to the tail as a supplement. The 
gain in respect to waight economy was thus doubly. exeat. 2 


683. In each of the four tail units of the A-4 was an external control 
vane. Two of these were dispensed with, aa they were found super- 
fluous according to the views of the controls section. 


84. A saving in weight was also accomplished in the propulsion unit.. 
In the A~4, the turbine was driven by means of superheated 
steam which was generated by the so-called "T" and "Z". ivel. 
As is well-known, the turbine drove the two centrifugal | putips 
needed for the production of the injection. pressure for the 
@loohol and the liquid oxygen. These fuels were atored din con- 
.tainere which had to be very heavy to withstand the steam pressure. 
This generation of pressure in thé containers was started by ” 
means of compressed air which. Was. stored in high pressure ‘oyl- 
anders) which were also by no’ ‘Means gate Ee cosy 8 


‘85 In the R-10, a new development was provided which’ took the: ga6 
necessary for the actuation of the turbine directly from ‘the. 
motor. ‘this gas, which was far too hot, was cooled sufficiéntly 
by an alcohol injection in order to prevent damage to the. turbine 
blades. Such'an installation had a fuel consumption of approxi- 
mately. the same magnitude as the "T" and "Z" fuel used in the | 
A-4. However, the weight of the parts in the modified design 
Was much less. Attempts at gas extraction for the propulsion 
of the turbine were made just prior to my departure from the | 
Soviet Union and were found to be feasible. The gas_ extraction 
method saved not only weight, but also space in the’ tail, which 
in turn resulted in weight savings in the tail and ‘thrust frame 
by shortening the frame correspondingly. Compressed air was ' 
still necessary for the starting of the turbine since the gas 
extraction would be possible only with the motor ignited. — 


Deoreseing Residual. Fuel 


66. It would be of little use to economize on the weight of. the . 
missile, the propulsion unit, and other mechanisms if sonei desc 
ble quantitites of residual fuela would remain in.the tanke, 
fuel lines, etc. The residual fuel quantities enter the. bale. 
listio caloulations just as adversely as the. structural: weights . 
and service loads. A minor alteration of the alcohol and exyeen 

mixture is of little consequence to the thrust. It is highly... 
undesirable to have a residue of'one fuel. while the other has 
been completely exhausted. This residual fuel cah no. longer 
be used in combustion and only marron the weight of the missile. 





67. Consequently, efforts Were made to deteraine Gatnoouretel yas pos 
possible the optimum mixture vatlos — A bpectal auxiliary pegulator 
unit, which from time to time would measure the Liguid quantities 
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and then automatically regulate the mixture ratio anew, would 
be most complex in design and also raise the weight additionally. . 
The various members of the staff could not agree on such a 
regulator unit for the R-10 and instead settled for a calibrated 
diaphragm (Geeichte Blenden) which was to be mounted in the fuel | 
lines. Thus, the solution, as regards the R-10, called for re« 
fined filling measurement of the two fuels coupled with the | 
calibrated diaphragms which were to | assure eccuree fuel trans- 

. mission. 


| ~88. In addition,. by shortening all fuel: lines, as well as by skill- 


fully placing the quick acting fuel cut-off gate valve (Brennstoff- 
schnellschlussventil), the fuel in the lines could be kept as 
near to the minimum as possible. the overeall | 25X1 
residual fuel quantity that entered into the calculations was | . 
of the order of 200 kg. : 7 














Warhead Separation 


89. In the A-4-there was no separation in flight between the war- 
head ard ‘the remainder of the missile. The whole missile thus 
not only had to withstand the strain of the ascending part. | 
of the flight, but.also the much greater strain encountered shee 
during the descending part of the flight. 58k 


90. The well- known difficulties of pressure head and boundary layer 
temperature rise during descent, somersaulting, added weight,’ 
disintegration, etc., associated with the A-4 flight path Aen | 
greater with the required increase of performance of the R=10.- — 
The separation of the relatively small warhead from the ‘body of | 
the R-10 missile became mandatory since no other reasonable ., 
technical design appeared possible to cope with the oe ‘problems. 


91. The plans called for separation of- the waeend ‘nmedtately: after 
the propellant cut-off of the missile. The separation sould be 
accomplished in various ways. It was possible to utilise, for. 
example, the existing difference in air resistanoe between the © 
warhead and the remainder of the missile. Or it was possible 
to uee a slightly pre-compressed apring. In both Cases, an 
additional mounting between the warhead and the remainder of 

the missile would not be necessary, as the warhead would be 
pressed on the missile while on the launching platform and held 
firm on the missile during the acceleration. The basic design 
, of the warhead has been discussed previously. | 


ti- a esi n, 


.92. With the possible atructural, modification, weight seousulels 


and separation procedure, it appeared that the range and load 
requirements of the R-10 could be met and so. the possibility 

of a multi-stage design with ite many design difficulties was 
found to be an unnecessary method of solution of the basic R-10 
problem. Even if it had been necessary to resort to. suoh a. 
design, many of the problems would have been inaurmountable 
for the aero and thermodynamics departments because of the 

morking maneronDe: under which they were placed, 
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93. The Viavernati on déiitatived in this ‘section deals with the physical — 

characteristics: and: Layout of the R-10 and its components. 

With the exception: ‘ot the basic external dimensions of the: Aah, 
all data are baseddolely on my memory and are, therefore, only . 
approximate. _ | * 95X14 








Basio Data 


94. Page 31 show: a gonezal layout of the R-10 missile showing | 
the basic external ‘dimensions. The following data deal with. 
the weights, capacity, and basic performance: 


a. Weight Allocation Of: the Empty Missile 


Warhead Warhead 
| 7 | (Wood) (steel) 
Warhead | . | 1,130 kg ,240° ke 


ae 960 
kg» explonive) 


ene Secticit - : oy. Bans 430 kg 430 kg 

Tail /hwasetta willie Rudders: — 480 kg 480 kg 

Propulsion Uk hte te we 700 kg TOO kg 

Controls 9 __120 ke 120 ke 

Weight empty | 2,860 kg 2,970 ke 
b. Fuels ee eae. 7 | tg, th, tee 


~ | A» Liguid one ps gre - ls 13 | | 
A B= Aloohol # ny Ses g Autre Bp. gr. = 0.84) (approximately | 


10% siebindty Of wi ter) 3 
A - Fuel » 9,060 kg 8,030 dom 
B« fuel” i, oe ee 61540 kg L390 _ d¢.m 
A&B Fuel: ee ; 15,600 kg 15,380 dom 
o. Fuel Conmmpttole: far Second’ a " 
“hk = Fuel” OS 868 + 1# = 87.8 ke » 58. 1% 
Bee Weel — BBak + dhe 65.2 ke - 
A&B 6 uy 146. O°, 5, =251.0 kg =100. Of 







# Lact eh onhte Obi toe for Venting the Yonteiner — 
ee sdditiona ‘ Gopmumption' for’ Cooling ‘the Gas Necessary . tones 
fox the: "Prepeinson’ ‘of the’ “urbine» a a ae 
ad. Motor Thrnst (Without: Jet Rudder Loss) “as 
Thrust « Approximately 32,000 4 2,000 kg 


The plus or minus’:2/000,kg¢ thriet wae originally ‘intended to 
be regulated foz:. ‘path gontrol. However, the regulation was 
found to be too diffloult and ao out-off. was controlled . 
socording to the thrust output. The specific thrust esounte 
to ayrecetne te? ‘220 ‘ke/eec: per kg fuel. os 


a 
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e. Fuel Residued 
At propellant” gut-off the following approximate quantities 
would remain in the missile: 


& ~- Puel residue; in gaseous state in A-container 


approximateby = . 80 kg 
.B = Fuel. residua; : ‘in gaseous state in B-container ? | 
approximately T kg 
A-+ B fuel Residue; in liquid estate in container 83 kg 
A + B Fuel Residue; in liquid state in fuel lines 110 kg 
Total Residue fuel | 280 kg 


£. Combustion: Period 
From the ‘above: data the maximum time of combustion would bes 


t «= approx. 131890 - 260 = approx. 103 sec. 
er eT . 


Se Launching Weight 


From the empty weights and the fuel weight the Jeunohing 
weight becomest a 


ae 2,860 + 15,600 | « 18,460 ke (wood warhead model) 
De 29970 + 154.600 « 18,570 kg (steel warneee model) 3 
h. Propellant Cut-Off Weights . “ot 


From the net weights (empty) and the residual fuel welghbe, 
the following: propellant out-off weights become: 


B. 2,860 +280 = 3,140 kg (wood warhead model) 

b. 2,970 » 280 = 5,250 kg (ateel warhead model) 
de Maximun Speeds at Propellant Cut- Off | 7 

v= approximately. 2,600 m/seo (wood. warhead model) 

vou approximately 2,510 meee (steel warhead motel) 
Je Maximun ‘Renge i | . 

Bm approximately 640 km (wood warhead model) 

8 » approximately 790 km (steel warhead model) 


Warhead 
95. Page 33  ehowe-a ieigivaddnas orose seotion of the acoden- | 


model of the warhéad, 88 well as several enlarged points. Aé« 
cording to the: deblgp, , the apex of the niseiie(?2) was to be of 
etecl in, preferende” to Other materials for three. Teasons: 


ae the @pex.had. tp be heavy. so that the center of gravity of the 
warhead ould’ be drawn forward. 


be. The mechand ced. aud thermal stresses were too great. 


o. The casing oft the apex would be thin ao as to keep the ine 
| terior. gpabe ae legge au poeaible. © 7 


96. The mechanism to meaeu: tha distance from the ground and at a 
given height detonate the explosives had to be atored in the apex. 
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A definite space and a weight of approximately 40 kg was set 
aside for this mechanism. The mounting (simply screwing the 
unit to the wooden pert) was executed in sudh a manner to permet 
heat expansion. | 


97- A wall dimension of 10 mm for the apex was ealented ies 

.. Of the center of gravity considerations and above all, because 
of heat penetration. The temperature was to be kept low. because © 
of the wood connection and the radio control. and menguring 
instruments in the interior of the missile. | 


98. The actual outer shell (3) and (4) was to oe wound with veneer strips 
of birch having a thickness of approximately 20 mm. The‘rib . 
(10) in the rear stabilization casing, as well as the veinforaes | = 
ments for the forward and rear panels were of ‘glued laminated | 
wood. The details 4, C, Dand E on page 33 ‘present a 
view of these connections more clearly. As the. glued Seams . 
possess poor. tensile qualities they were secured ndestiomaly:” 
to the outer shell by means of wooden pegs distributed around. . 
the whole wissile and glued. ‘The, wooden pegs are not ‘shown: Se. 
the drawing, nor are two covers which were placed between ¢ Boy, 
The outer shell waa reinforced at these pointe by 8 “glued. frane ” 
so that no weakening could be experienced. The covers, - ‘goranee” 
to ‘the frame, were to be. gonstructed. also. of 20, mm Bees 


99. The rear partition (6) was also of glued veneer weripes, Th vis 
given a conic shape aa a result of a compromise between en ade : 
_vantageous force transmission (arising out of the explosives: 
during longitudinal acceleration) and the need for one: a 
(at least not too complex) construction, ses. 


100. The forward partition (5) was also given a. aonis “ghee, ‘but in’ 
this case the partition was. to be of steel. bedatae of the “Lengi~ 
tudinal loads derived through the: mounting of the warhead. at: 
the connection (12). 


101. This connection (12) was to be of a. er iat vould. weadgiy trans- 

- mit all forces and on the other hand could permit simple. sepatar | 
tion of the two parts, 1.66, the Re ftom. the rest of the’, : 
missile, after propellant out-off. A central fastening ape 
peared most desirable. A mounting of the missile. without’ : 
bracing would cauge unduly high local strain .in she mounting: 
ring (11) and also on the central seotione Consequently, the 
warhead was to be connected at point (12) to the. poenteet weenian 
and subjected. exactly to a caloulated tension. | Thia' was to' be 
done by means of @:aup apring. This connection was to be. BYtOr: 

' matioally severed: ghortly after the propellant out-off and, she. 
spring tension was: SOU eSENe: @e an aid dn: ee the two | 
parte | es 


102. Beoause of later findings, the. abuiwotton: Was. to be cued onby’.. 
during transportation of the missile on the ground. in flight,” 
however, the central fastening waa to be discarded and the aCe 
head was simply mounted on the ring (11). on top of the oontrel 
section, Calculations. showed that the warhead would not 1ift . 
iteelf off the missile, even: though no further fastenings were” 
useds “hie was true, even fox atrong oroes a gusts, ates 


? 
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gpince the longitudinal force derived through acceleration would 
prevent a separation of the two parts. The separation of the | 
Warhead from the missile after the propellant cut-off (that is 

after the disappearance of the longitudinal acceleration) would 
be possible also without using additional devices. Detail : 
the fastening point. (12) are no longer sufficiently clear 25X11 
to permit d#awing a eketoh. - 20X11 


103. The explosive 1). was to be ejected into the casing: ina liquid — : 

ss state. no information regarding the type of explosive: -  oBy4 
except that it would turn to liquid at approximately 70°C. end a 
that in a solid state the explosive had sufficient Sener +e. 
gerve as a perfect. support for the outer skin. 




















104. Page 35 shows a, longitudinel cross section of the steel 
| model of the warhead. Several points of interest are reproduced 
"dna larger scale. | ; a 


105. The apex (2) was tobe made of steel. The information given 
above regarding. ‘the apéx of the wooden model also applies here. - 

In the area of the explosives (7) a 2-case structural design — 

(3) was necessary. A brief discussion concerning the develop- 

ment of this atructural design and the problems —e pertesn : 

: was given previously. , 


106. The. studs (14) which are welded into the outer shell, are spaced 
at approximately 40 mm intervals around the circumference. 
These studs ‘Berve ‘to prop the outer ekin during the latter's 
: expense ‘ino rouler @nd longitudinal directions along the 
~type ritigs “(135). The tight connection of the inner shell 
Cay eu the outer skin can be clearly seen from Detail A. 
| ss longitudinal forses arising from the explosives can be. = | 
tranemitted by this connecting point over the inner shell to ‘the! 
outer shell. The outer shell should remain considerably oooler 
4n thie part of the missile because of the wall dimensions in 
the area of this conhection. Consequently, no compensatory © 
| expansion for radial expansion between inner and outer. shell- 
ee Wag provided at this point. Nor was @ special insulation for 
the explosive provided, since @ local melting could easily take. 
place without affecting the performance and since the forward | 
panel (5) provides sufficient static support. Danger to the: 
explosive would arise only at skin temperatures over 500°C. | 


107. «Phe, stabilisation easing (4) wae reinforced against the alee’. 

| pressure-by,masne of. the two ribs (10). The Details Band F 
show zthe! shape 6 bw: ‘These simple shapes were selected : 
primarily 6° pe. # eat flow between the outer skin and the 
vibe-and not vkhee: ereks temperature differences. From a static. 
weighs. point of, view, - Tea pete are not. ‘Very advantageous. 


- 208. The rear sealing: jane). was ‘80 be made of light metal and was 
'  .gomdoally shaped. -lte:putpone was to transmit the longitudinal 
sencee arieing « aet of ‘the. explosives to the inner shell. 


Ps ae hs 












a Jatt rey " / . ° 
one ‘37 "shows. the! central section of the R-10 missile as 
1 aa several aeaeee jetadis of interest. Inoluded in the 
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attached ienend are the designations of sowe of the more in- 
portant materials. 


110. The principal material used was to be a weldable light metal 
' (Soviet desi fion an/ 5) with a strength equal to approxi- 
mately 18. but with a very low elastic limit (approxi- 
mately & am“). This iow elastic limit stability wan the-de- . 
terminant inthe dimensioning of. the parts. The material to be 
used in the cast parts had 4 somewhat sinilar poey tee ne ‘the 
primary. material. .. 


1ll. The point (2) and view B ehow-the connection link for the- withends 3 
At this point an initiel tensile force of approximately 5,000. : 
+ kg would be introduced. When strained (during transport on the 
- ground) the load would be inoreased to more than 1,000 kg. — 
fhe conic forward sealing panel (3) was well suited for the 
reception of this longitudinal force. The minimal gas presgwure.. 
(p = 1\+ 0.1 atm) could be absorbed easily alsc. The forward. 
4] cbuld be unsorgwed at the flange (4)'es shown in Detail G. 
Bijege flanges also served for the reception of circumferential. | 
forges in the conic container part (5), which would arise ag a 
Feault of the deflection of the forces coming from the sonie 
panel. ‘he cast rib (16) as shown in Detail D had a three-Zolé 
teak, which was to: , 


Be Absorb the circumferential forces acting | on She alcohol ; 
- gontainer (7). a fe, 


De Transmit the forces from the warhead to the central 
| _.#egtion of the missile. 


Co. Absorb and correctly guide into the central gection ‘of 
the. missile the two locally acting bearing forces resulting . 
‘during transportation on the conveyor-carriage, and exgotion ; 
of the missile on the launching platfora. . 


Point. (8) shows the vent bape for the ‘@lsohod tank (7) 


112. The ‘rid (9) in both tanks eee aa & fora Seteiues ana a Too | 
. dnforcement againgt indentations (local buckling). Besause of 
Bternal pressures and temperature differences, the skin of the 
% Would expand radially at a different rate than a solid = =” 
vib: Because of this the outer flange of the rib was slotted - 
at intervals of 50 mm ae shown in view 5. ‘The design then called 
for the flange to be spot welded near the end of. the slotted. 
flange. ‘The flange attached to the exin in this manner could kl 
 ‘pend.to.conform to the akin expansion and thus prevent excessive...) 
atrains: ‘between the skin and rib. This oe was regarded. ey: 
#8 6 Compromipe. solution. | = 





aa The. partition panel (10) avparated the alcohol and oxygen Seka 
| fidmee the pressure.dn the oxygen tank would be greater (2.2 atm) 

than the pressure in the adloohel tank (approximately 1. ata) yo. 
and since the correct design of such a panel became diffieuls, 
geriéa of anall axperinents with. eo miniature panel (321) were . RE 5 
performed. During these experiments the rupture pressures were te 
obtained for various celatdonghipa of panel radius to panel 2 
wail. thickness : ‘aAwaL sebalt of these experiments a panel of - 
relatively: Jerge. Wall: thiokness’ and a email curvature Was oalied 
for, the: ‘teste, alec’ ‘showed a oe etetio stability eeneerns 


e 


wey 
‘ toy Lh 6g ‘4 
woh Seay a 
: Ley ‘ 
‘ . 


ae * oT same dae te 
Bane : be Fay, @aakt try 
Hotty Tabak. ee ee “Whee C ARPS Ae wee 
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with breakdown depending on the degree of precision use in the 
manufacture of the experimental pieces. 


114. This fact was instrumental in causing the Soviet staff to seek. 
another design solution retroactively. In-this design the par-~ 
tition was inversely arched, so that the panel would receive 
tensile stresses primarily. However, in this design, compressive | 
forces could not be prevented entirely, since the weight of the — 
alcohol would be present during fueling prior to pressurizing 
the oxygen tank. In order to prevent excessive residues, using 
this design, it was necessary to ehift the extraction pipe (17) 
and the heat insulation pipe (13) completely to the sides It 
would then be necessary to run the pipes at an angle through the 
oxygen container (12) and to the center of the rear panel. 

This design had several disadvantages, namely: 


a. A certain amount of residues could not be prevented even 
with lateral extraction of the alcohol. 


be A certain Logs of container apace could not be prevented, 


os klong the outer Skin the diatance between the oxygen and 
“. ..@Lcohol would be decreased reaulting in a large heat exchange - 
between the two fuels. 


‘In spite | these disadvantages, a series of aketchee using 
this ee ee ieas were prepared ace the Soviets. This design . 
is not shown here» | ee 


115. The ventine pipe for the oxygen tank is shown as tas on page 
37. The tank itself ie shown as (12). Point D (13) shows 
the reinforced (corrugated) heat insulation pipe. Because of the 
heat interchange i+ was not possible to separate the oxygen. a 
a@loohol tanks by means of a light metal wall. Not only would . 
great quantities of heat be interchanged, but also the alcohol 
would freeze in the injection pipe (17) during the. period the 
fully tanked and erected missile reated on the launching plet- 
form. In order to maintain a specially good heat, insulation . 
between the heat insulation pipe (13) and the aloohol extraction | 
dpe (7), the ocdroular apace waa to be filled with. orumpled 
luminum foil. ‘Should the missile remain standing for long ae 
‘periods, a marked osooling of the aloohol in the extraction pipe. 
tt7) would cause & circulation flow. As a reault of the difference .. 
in the specific weights of the fuel, oiroulation would osour - 
between the extraction pipe (17) and also between the pipe | 
oor and the motor casing in the tail section. , 
116. The ‘gorrugations in’ the. heat ineulation pipe (15) were found 
_ a@oessary for two. reagons: me 


Be The: ‘pipe (13)! would be eubject to external pressures. Nears 

_  ‘f& pipe would have to be very thick were it not for the ribe 
Like reinforcements. The corrugations inoreased considera~ 
‘bly the moment of inertia and permitted the use of « emeller © 
Wall dimension. The intervals between the corrugation were — 
obtained through stability calculations. 


b. . The outer ekin of ‘the, my San container would, partioularly 


a+ Lett & 


_. Sundag the £ flight, have a. ‘Gifferent temperature than the 
| - protecting pipe. Uoneequently, panne in oe ena 
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. dimensions could not be avoided and the. partition panel 
_.-(10) and the rear panel (18) would suffer deformations. 
In order to equalize these longitudinal dimension changes, 
: the pose neat tons were found Dene e ners 


Page 37 also shewsone of the four. connection channels 
(14) for the distribution of the locally introduced forces com- 


dng from the tail and motor and acting on the shell of the central 


section of the missile, All forces had to be introduced into 

the outer skin at the rear end of thia sloped channel. The - 

forward. end of the channel and an intermediate point in the © 

channel were supported by ribs. The forces: coming from the 

motor connection fitting would be transmitted along the. fit- 

ting (19). to the channel (14). When in tension, the forces | 
would pass through the screwed connection. point (21). When i 
in compression, — the motor fittings would rest eeetnee the end - 
ring (15). | 


The sealing ake (20) 9 was placed between the end ring (15). 
avid: ‘the fitting (19). The design shown in views E-F is not ~ |. 
true.” ‘the exact detaile with= =: - 25X14 














_. Oat excessive loss of time, the design shown in views E-F is 





119. 


120. 


2h. 


aa 


On pages 39 and iL | are views of the tail ‘pection and tail 
oontrolis. Several detailed expe oaee views and cross sections are 


- longitudinal member 10, and the latter's extension, th 


submitted only to show the general arrangement. Located in the 
rear panel (18) was a manhole. cover. ne which is not shown in 


“thie drawing. 


| Tail Controls 


‘aly wtab le Swe 


presented in these pages. efer to appropriate legends | 
for identification of pointa,/ Care should be taken to diatinguish 
between pointa in parenthesis and pomstions’. or stations in. odpolens 


The outer tail cone (3) was to consist ‘of four quarter shells 
which were to be connected to the four fins (2) by means of the 


bracket (16). ‘The tail cone was to consigt essentially of 10° 


ribs whioh. supported the stringerlesa Dural cover. The 

al cover was to be 1 mm thiok. ‘“he stresses arising out 
of ‘transverse foros and torsion were ta be absorbed by the shell - 
ekin. while the bending moments and the longitudinal forces were | 


‘to be tranemitted via the inner spar (9) and the conneotion 
joint (6), .at. Detail A,» to the thrust frame and from ‘there 
» 0 the central section of the missile. 


The four jet control vanes Se and their motors were Kodaet. in a 
box-like steel framework (12 These girdere were to transmit 
all forces to. the fin. riba at atations (©) and aa well ag to 
the ‘skins | | 


The fins were to, be composed of ibs at eaten, thee the 
® oe 


edge member (7). ° 


the . on Dural “skin wae stiffened additionally by non-continuous 


nge me. . The two horisontal fins inoorporated the ruddere 
rea which were to be driven by trimming motora (13). During. 


‘Hanohing the fine | were eee to transmit the great longi- 
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tudinal forces originating at point (14) while the fully tanked 
missile rested on the launching platform. © 


124. ‘The tail connection joint (6), at¢- Detail A, was designed to 
os transmit the total forces developed in the tail through the 

two baits (18) to the fitting of the thrust frame. The longi- . 

tudinal forces, as well as the longitudinal forces resulting 

from the bending moments, were to be transmitted through the : 
leading edge members (7) and the inner spar (9). The transe- os a ; 
verse forcas and the torsional moments on the other hand were. | pee. = 

- to be transmitted to the fork (17) of the connection fitting | ae 

(6) via the rib at station ()). At stations (1) and @), the connection - 
fitting (6) was to serve also as tail spar. | oe ae 


125, The rib at(i) at . Detaila G &H y was designed to perform three 
- essential taske: aS | 


a. It had to collect the dispersed thrust forces acting on the. 
_ outer skin and.to transmit them to the fork (17) of the — 
* “gonnection fitting (6). 


ba At the same time it had to be sufficiently elastic ao that 

it could, without too much force and without too great - 
additional tengion, join in the deformations which would | 

Be caused by the tightening of the connection of the ‘central 
géction of the missile. This tightening would oocur at the 
moment that the liquid oxygen (-185 C) was injeoted. When 
the missile became fully tanked, the rib at would loge 

ita circuler shape slightly. In order to ac ieve the 
required elasticity of the rib, it was necessary to divide 
the rib into four segments. The four segments were flexibly 
connected at the fork (17). | : . 


Ge As an end rib, it had to possess a suitable form go as 
to support the outer skin at the extremity. 


126. The rib at(a) was designed as a U-channel closed by the outer 
.. | gkin. ‘the rib at(@)was designed so as to absorb component oe ee 
forces coming from the leading edge member (7) The design height | 
of ‘the rib was limited by the thrust frame and other interior. 
unite.  Consequenti¥, a double U or I section was necessary 
at . Detaiis G & He. | | | 


-127- The seotional views A-B and O-D show the method of connecting .. 
. the ateel quarter rib segments and fin ribs by means of the 
pracket. (16). ~The tranemission of the bending moments from - 
the fin ribs to the apar was to be accomplished by means of the ™ 
bracket (11).. The inner spar (9) was not interrupted by this = -— 


’ arrahgement, except for a alot in the middle at view A =. Be, 


126. ‘The design of the. leading edge member and longitudinal nember, 
gg well as. the connection between the two parts, is shown in 
Detail Ba. The, remaining vie @ are sufficiently clear to show =. 
Be Recelan of thoae aeubere | well enough ~  95xX4 








Wes 








nit 4 renting | | 
129. On page ac ieve ‘gohematioc diagram of the propulsion unit and 











the ‘fuel venting ‘system. 4n exact drawing was not attempted & hoon 
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regulate the pressure in the B-container (2) at 1.0 + 0.1 atm. 


 355- A very brief starting procedure of the propulsion unit is pre- 
J. 1." @ented as follows: | - = edad 
a. The turbine would be brought to the required speed quickly by 
| means of compressed air from an external source. The -. — 
A-~fuel main cutsoff valve would be opened and by -meang. |... 
ef. a pxtimer. composition the B~fuel would gain entry in the 
chamber. Simultaneously, an ignition between the A and BB. . 
fuel would be effected. The quickly increasing motor pressure 
would permit the turbine (5) to function on the motor's - | 
exhaust gas. ‘The rising missile would free iteelf from all 
launching instruments and servicing. lines through break 
: couplings. | : a oe, 
be Rocket motor shut-off was to be accomplished by means of a 
‘quick action remote control system. | 5X1 
the aut-off valve (12) was to be jammed by. means ‘of a  O5X4 
_, Quick-acting explosive powder charge» > ae | 


























136. On page ls is a sketch of the thrust frame. The attached 
-e.. “Legend for ta¢ diagram contains information regarding material 
specifications, The thruet frame had the task of transmitting 
the forces from the motor (3) and. the forces from the tail shell 
and the fin connection (10) into the central gention (2). It | 
. @lso had to. support the turbine pump mechanism.(4),; which dn- 
turn braced the cross piece (6). The thrust frame consisted of 
/ four longitudinal members (7), the crosa piece (6), and the diagonal 
jeoes (Gd). A bracing between the motor (3) and the cross piece 
6) wus aot oosaitie for lack of space. In order to prevent an 
‘excessive bending strain on the thrust frame becauue of transverse 
forces, the motor flange waa attached to the rib and of ‘the tail 
shell. The tail shell would be better suited for the-tranemisaion 
of the transverse loads. ‘This-would be more accurate, since during 
. Slight the rocket motor forces generally act..in an opposite | ~ * 
7. ,- J ddireotion to the tail air loads How much was questionable and so ¢ gt 
‘ | / this condition introduced another unknown factor. ae _ 


\ 


a EST. the structural deeign.of ‘the attachment (9) 48 shown in Detail A. 
oo Ss Dating the fliling of the A-container the attachment paints (9) 
Noi" 4” weuld contragt due to exceasive cooling. his effect would | 

i.) | gkimape additional foroea and moments to bear on the thiu@t te 

i * .framé. Because of this an austenitic sical wea caled van gos) aul { 

a  peete At very low temperatures, this steel should not bedeme = a 

": “bedtele and should maintain a high notoh impact strength. | : 


| oS 2358. the development of the R10 (which had many other interiia desi o 
: eer." o* watdons, such as G-1,.G-10, eto.) wae carried out during a period 


ae ot ‘ the summer of 1946 until the spring of 1950, ‘Dur- 
ce so. sodmg thie time many diverse development facets were considized 
ol” and numerous, drafts were made of individual items. In this: 


‘ranging from 


Vim ae report, the final stage of the R-10 was discussed. A ohrono-- 
ee he logical description. Including a stage by stage review of. tihe 
, development work, the problema that were enoountered in sath: 
SECRET 
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since the propulsion unit was not materially changed over 
that of the A-4. The method of pumping the- fuels, the venting, 
and the starting procedures were changed and the presented 
schematic should be sufficient to clarify these points. 





25X1 





130. The gas to be extracted from the combustion chamber at point (8) 

| would have a pressure and temperature approximately the same- 
as that within the chamber, namely 22 atm. and 3,000°C.. In 
order to reduce the temperature of the gas to approximately 
500 C so as not to endanger the turbine, the gas was to be 
cooled by means of a stream of alcohol flowing around the ex~ - 
traction pipe and by injecting a small amount of alcohol into the 
gases. The cooling alcohol flowing between the motor walls — 
would have @ slightly higher pressure than the motor gasebe 
Pherefore, the injection through suitable bore holes should 
not cause great difficulties. ‘inding a suitable location 
and the designing of parts concerned was very probiematic. 
When the design work on the R-10, had been completed, a long 
series of experiments were carried out to test systematically 
the gas 5a Ha The small test stands on the x 
Island were used the rwsultea of  295xX1 
the tests were regarded ag satisfactory. oo a 








131. The gas cooled in the above fashion would then flow through 
line (9) to the turbine (5). Here part of ite energy would be 
transferred into mechanical energy. The waste gas flowing 
through pipe (10) and escaping into atmosphere would be utilized 
in the form of thrust by means of the nozzle at the end of the 
line. | * | 


132. On the same axis as the turbina were the two turbine pumps. 
The Befuel pump is shown as (6) and the A-fuel pump 4s (7) in- 
the aketch. These turbine pumpa would raise the A and 8 fuel 
to a pressure of approximately 25 atm. _ | 


‘ 


(11), the union (29) and tae out-off valve (12) into the ture 
bine pump (7). From therg it was to flow through the pressure 
lines +33 into the injectors looated along the head of the 
_ motor 14). A: small quantity of Aefuel would flow from the praé-. 
sure lines (13) through the line (15) into the heat exchanger | 
(16). Separation (i.e. heat extracted from the alcohol) would » 
take place and.the flow would continue through the venting 
line (17), the pressure-relief valve (17), and the bellows | 
union (24) and. finally into the A-fuel container (3). The .u) 
‘pressure~relief valve (18) wan to regulate the pressure in. the 
A-fuel container at 201 + O.1 atm, 


133. The fuel was to flow from the Auoontainer (3) through the line 


134. The Be-fuel was to flow from the B-oontainer a through. ‘the 
extraction pipe (19) and the apring bellows 24), into the Be 
fuel turbine pump (6). From there, it was to flow through the’ : - 
heat exchanger (16), the pressure line (or compressed air | 
line) (20) over the distributor ring (21) between the double 
motor jacket, through the motor (4), and finally injected through 
the motor head into the motor. ‘The B-fuel flow ia obvious. 
The gas used for the venting of the B-oontainer (2) was. to be 
taken from the gas feeding line (9). The pressure would bes. 
greatly reduced by the pressure-relief valve (22) whieh was ‘to 
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etage and the modifications. that were made from day to day, 
la time consuming and was not attempted. 


tom os would. have been too . 


eee The reason for the long period of development, and the many 
Sos . . @ifferent development drafts can be explained by the following — 
facts: = 9 | ot 7 . Peta Se 
a» ‘The personnel assigned tO toe development work .were @d-— 


- gentially inexperienced and had to acquaint themselves with teen 
' the migsile field. ey * oo eee &, 


be. Lhe work anu, vopo7te of. the scientists and engineers during. a 
' -the course of the development period repeatedly offered new | 
.., Insights which in tury led to changes and new comparative. —. = 

Co The forcible recruitment contributed 4 great deal to re- 

tarding the work. j 5 as; c.f . 
| a. A wety rigiq and formal development and planning: system ey 


‘periously curbed the development work. The Germans were’, — 
: required to submit a pre-draft project, 4 draft project; 
-. gopketoh project,and @ work project according te schedules.’ 


‘nig method resulted in @ great deal of lost time because | 


_ - of the many reports and. sketches submitted, which to some...) 
Tt v an 11% z : ; ‘ Pe daw 


* extont wore similar in content, yet were seldom thorough in| 
-gxedition tecduse ‘of the time element. 7 cae. 


—. 4140. After 1950, some work continued which was of general importance: . : 
to the missile. This dealt primarily with theoretical and oe 

- experimental ‘work in the field of controla, radio guidance and: 

gas extraction for the nel the ‘turbine. All these. ares 

nraiects which continued 7 D5X4 

were not an integral part of the R»10, but could - A BX 





‘Hevertneless be associated or useful to the R-10. 





Cos, 141. The R-10 design as finally submitted would undoubtedly cause — 
oe """ “asfficulties. Many channels were explored, but the laok of 0) 0 t.0 
 -experimental. facilities did not pérmit the perfection of the "0. 0. 
missile. ‘the structural testing of the many changes of the shell : 

Wad to be dispensed with and the capacity improvement could * — .° °. 
-  ! et he Justified. ‘Prom the point of construction alone, many |... ye 
“-. @iffioulties should be encountered in welding of the central on oe 


) geetion end: particularly in welding the rear panel and end wingy* 


Vie eee Se Se os eo ee 
: ee oe the overall.design of the missile ee 2k 





upoh as oppolescent. The A-4 outer contoure and ‘the.old A- | 
moter would result, in @ construction which would be altogether 











oo cea 


“$oo complicated end too heavy. The high ratio bebweer motor 
: Pee a Ne _.. thrust. and weight does not permit an optimum exploitation of” ieee 
= (ig range « Whe apesd in the denser air belt would be: too great, ¢ 7) 
4 ol gpgealting dn excessive heating ofthe aissile, which in turn... me 
;  “qefects ‘the weightiiof the missile. Phe ultimate effect ie a. %, | 
| Oe -agoreage in. ranges. In sll these considerations, she aesumption | 
coe ee wae made that the method for the determinatjon of surface = cd 
: -+ | temperatures, as developed by Dr. ALBRING, was corrects In; 
eee insufficient experimental testing étme insecurity ox- ot 
- ¥gted in that regard. As the queation of surface temperatures is - 
ie tav@inel dniportangs in ‘some structural ‘parts, a fundémental © 
‘error: inthe calculation of the surface tempsrature would have 
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great influence on the structural design. The inflexible de- 
velopment and planning scheme in the USSR was one of the main 
reasons. for not making changes in the contours of the nissile. 
It was impossible to interrupt a planned and initiated project: 
and to meprage: it with a new and nee project. 


143. The queation of prime  ppetanoe: oWhat was the ultimate dis-~ 
poshslon of the R-10%", cannot be answered, } 








| a few statements, which might serve a8 a 
guide. They. are as follows: 7 


a. The development of the R-10 soneinges over a “period of many 
years with great tenacity. 





be. During a scientific congress in Moscow 3 
around Christmas of 1948) at which a few German supervisors . : 
gave a report concerning the R-10, no basic objections were 
raised by the Soviets. Shortly after, a financial, isaac 
was received by those associated with the project,. “which 
was assumed to signify approval” of. the project by the 

Soviet authorities. 











o. “After this congress, the guiding principle was to carry: out, 
/@8 many tests as were possible. After a few attempts. | ‘this 
bogged. downy however, because of the lack of proper facilities. 


de Inquiries by the Soviets regarding design continued ‘to be. 
received until the beginning of 1951. 


: Se 


e. The generally: continuing: development in controls, guidance, 
and gas extraction indicated a great interest in these matters > 


A rational application of these results to the R-10 by Soviet ae 


engineers themselves was undoubtedly possible. Because. of-. 


this, the actual Soviet plans remained hidden from the Gernane 


boar hee During May 1951, instructions were received to construct 
"ys: ggodllation tables. Among thase. wag’ a large oscillation: — 
' i table with. dimensions to. ma tan exactly those of | the Awd and 
' the Re10> . 











lage ae — -=. —— —— the: jhelte- 


ber’ of: the Soviet engineers and their ability to carry on. the eb: 
: , Reld project. — Those engineers at the Island . 
oe were only so-called second-and. third-rate engineers: 


























We oe oe Were: there. priugrily for’ administrative: ard monitoring 


 PUPPOREH s! “hey: were hardly capable of oarnying on @ development 
os program in the missile field. <A few of the | young. officers ‘at: 
the: Tea acate. were "yet te capable, op were anes An expertenoy. 








145. the: £ipaturete engineers | ‘were HOS. ‘present. for two 
' Y@easons y The first Teagon was one. of security. If a firet: rate 
io” engines” were ‘present among the Germans, He would: eventually © 
 veveal: ynconsciously. other research. and development secrete: ae 
an “example, a Soviet ceetnee 
| appeared atthe Institute in the: fall of 1950 when work. was 
. atarted on the antiairoraft. missile. project. The engineer's: 
 easignment was: to" steer the “thoughts of the Germans along certain: 
paths... After’ the siginéer had been among the Germans LOD 6a, 
approximately ° ‘one moray ity was obvious that he held a permanant 
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position in some other, research uae developed institute en- 
gaged in “work ‘somewhat. parallel to the antiaircraft project. 
BeGdted:of (this leakithe. jengineer ees. recalled and the Germans 
continued with nq. aasistance. 





| 146. ‘the éécond reason that firgt-rate engineers were 
not present was that, the Soviets did not feel the activities at . 











Gorodomlya Island warranted the diversion of this type engineer 
from the true Soviet messerch and development programs. .. . 


147. Those. engineers who were ern at the: Island were- gapabie: of” 
. oriticism of unimportant points, but were not capable of ‘erith~ 
@ising the overall projects. In addition, they possessed no 
creative talent. An exception to this was a Soviet civilian 
engineer named BOSHKOZ-SHUBINSKI cppeneri< épelling) who was 
unofficially the Shief engineer. _ 
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Legend : (Overall View of the R~10 Missile) 


(1) 


(2). 


(3) 
(4) 
(5) 


(6) 


(7) 
(8) 
(9) 

(10) 


(11) 


(22) 
(13) 
(14) 


(15) 


Warhead. 
Central Section of the Missile 
Tail and Control System 


Forward Separation Point Between Warhead and: Central machetes 


Rear Separation Point Between centre? Seotion and. Tail 
B-Fuel Tank (Alcohol Tank) 7 
A-Fuel Pank (Oxygen Tank) 

Motor 

Thrust Frame 

Control Apparatus 


Fin 
‘Rudder 
Jet Control Vanes 


Antennae for Radio Control 
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Legend | | (Wooden Warhead) 


(1) No Point | : ee 

(2) ‘Steel Apex | | we | _ i 

(3) Plywood Casing ~ 4 ge aN 

(4) ~««‘ Stabilizing. Casing (made of plywood) 

; (5) Forward Sealing Panel (Steel: | 3OX(CA} 3% - approx. 60 ve/na?) 

| (6) Rear Sealing Panel (Plywood) | Ha 

(7) Explosives | ee a ae 

(8) Connecting Pipe $0 the Forward Chamber (Steel: SOX CAS OR = _ 
approx. 60 kg/mm*) 

(9) Cable Pipe | . 

(10) Reinforcement Rib within the Stabilizing Casing ‘bane of 
Laminated Wood — Sa 

(11) Ring of Sheet Dural for Propping, the dental Section ‘of the. ve eRe 
Missile (Os = approx: 38 kg/mm Lo es 


— (12) eonnebiten to the Central ae of Missile Hot shorn bie oa 
‘5 Indicates Tensile Strength - 7 i 
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~%-. 
Legend |, (Steel Warhesd) | 
Q) Forint 











_ * (2) © Steel Apex | 


* (3) Bwo-Shell- (2-Case). Outer Skin in the Area of the Esplosives 
“ ."  (Oater Shell is of High tenperature steal) ? e. 


| : (4) Stabilisation Casing (a 1 2) 


*. 2 
' (5) Forward Sealing Panel (Steel: 30x reas os = approx. 60 _ ) 
om (6) | Bear Sealing. Panel en Metals Auer a a OPRrom. “18 xa/i! ) 


. (1) ‘Explosive 


-.*(@)  Goanection Pipe Leading to the Jorward pase’: (ote sareay 
| 63° approx. 60 ke/ 


(9) Cable Pipe — 

(10) Reinforcement, Ray in the Stebilisstion Casing (Steen “Oi: = 
oe 8 approz. 60 

 - (12) Connection to the Central Section of Missile (not arann). 


| : t of the Explosives (Light Motels: aut 
(8) daar org SAD 


(a3) Riveted Wedge-Type Rings “(ight Metal) 
(14) Welded Propping Pegs (of very highly = nicke} ae 


G3 Indicates Tensile Strength 


. 
Pore 


» 
e 
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Legend (Missile Central. Section) 


(1). No Point 

(2) Warhead Connection (under pre-tension) 

(3) Forward Sealing Panel (Aur 330, = approx. 18 kg/mm”) 7 

(4) Forward Sealing Panel Flange Voie Light Metel EF » approx. 16 kg/aaty 
(5) Conic Container Section (AM 5 Op = Spprox. 18 g/u2) | 


(6) Forward Rib (serves to prop the ee and the. missile during 
transportation (OR = approx. 16 kg/mm | 


(7) BeFuel | Container (Alcohol ) (AM I~ 165 = “approx. 48 ce) 
(8) B-Container Gas Feeding Pipe | , , 
(9) Shape Retaining Rib (AMI; OF = approx. 18 tet 
| (10) Partition (AMI } J.m 7 SPprox. “18 aire 
(11) A-Container Géis Feeding Pipe | 
(12) A-Fuel Containex (0,) (AMI33 Oy = approx. 18 e/ma2) 
(13) ‘Reinforced (corrugated) Insulated Pipe . : ns 
(14) Conneotion Channel (central section - tail):. (ans g3 + 2 spear. 
18 kg/mm* i (Dural gg ~ § approx. 38 e/a”) 
(15) Cast Light Metal: OF = approx. 16 kg/mm” 
(16) A-Puel ‘Extraction Nozzle 
(17) BeFuel Extraction Pipe (AMI3; 65 = approx. 18 kg /un? ) 
(18) Rear. Panel . CAMS ; Op " Spprox. 18 ke/mm* ye 
(1g). Connection: Fitting (Darel 5 = approx. 42. wa/aa?) 
(20) Sealing Gasket 
o (21) Threaded Hole 


65 Indicates Tensile Strength 
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@) - @) Stations Locating Fin and Tail’ Cone Ribs ~ Doral 


OB = SPprox. 38 kg/mm”) 
63 indicates Tensile Strength . 
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_ os aPPTOxe 48 kg/mm” ) 


es ziggy af 
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Legend 

(1) No Point 

(2) fail Section 

Fins (Skin: Dural gy = approx. 38 ‘kg/m? ) ; 

(A) Tail Cone Shell (Skint Dural ° OB = 38 kg/mm’ ) | 
(5) Rudder (only 2*rudders for horizontal controls are prowided):. 

(6) Jet Vanes (4 vanes ) : eae ; 

(7) Pail Connection Fitting (Steel: SOxCA GR - aprox. 60 ke/an? ) 
| (8) Leading Edge Member ( ‘Dural 63° = Approxe ‘38 kg/mm” ea 

(9) Stringer (for the skin) Dural’ 

(10) Inner Spar ( Dural 63 " | approx. 38 kg/mm" ) 

(11) Fin Longitudinal Member C Dural Op 7 2Pprox. 3 kg/an? ie 

(12) Bracket (steel) -( Dural 6p = approx. 38. kg/mm” ) | ie 
(13) - pees. for Jet Vanes and Mechanism eepeere soxtas gp = paren 
-_ 60 kg/mm™) 7 | 2 | 
(14) Rudder Drive Motor 

(15) Resting Point (semi-sphere shaped) 

(16). frailing Edge Antenna Housing ~~ 

(17) Rib and Spar Bracket 

(18) Joining Fork for Rib Quarter Sections 

(19) Tadl Connection Bolts (Tail to Thrust Frame) ‘(Not indicated) 
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_aDETAUS of TAIL SECTION 
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RAO MissiLe 
\’ Refer to Page 39 
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bee legends page Lo 
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Legend 


(1) 
(2) 
- (3) 
(4). 
(5) 
(6). 

cs 
(8) 
(9) 
(10) 
(12) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 














SECRET 
(Schematic Drawing of the Prapulsion Unit and Venting System) 
No Point | | 7 
B-Fuel Container (Alcohol) 


A-Fuel Container (oxygen) 


_ Motor 


Turbine 
Be-Fuel Pump 
A-Fuel Pump 


Gas-Extraction Fitting 


Gas. Line to the Turbine 


Gas. Line from the Turbine 


A-Fueli Line from.the A-Container 


| A-Puel Main Cut-Off Valve 


A-Fuel Pressure Line. 


AeFuel. Injectors 


A-Fuel Line for Venting of the A-Container 
Heat Exchanger. for ne of the A-Puel 
A-Fuel Vent Line 


Cut-Off and Pressure Relief Valve for A-Venting (p = 2. ls $0.1 2 ats) 


B-Fuel Line 

B-Fuel Pressure Line 

Distributor Ring for the B-Fuel 

Cut-Off and Pressure Relief Valve for B-Venting (p sl + 0. 1 een) 
B-Vent Line 


| Metallic Bellow Unions to Compensate for Expansion and Vibration 
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(A) Sele! 12.5 


THRUST FRAME 
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_s 25X 1H 
: a | | =e 
Legend . | | | oe Oe 
(1) ‘Thrust Frame 
(2) Migsile Central | Section | | | 2 
(3) Rocket Motor : - | 7 _ a 
(4) Turbine Pump Installation | oe _— 
(5) Attachment Points for (4) 


(6) Cross Piece (Braced through (4) (Steels. SOxTCA GG approx. Se e/a! . 
(T) Longitudinal Members (Steel: —30xr0ks OB = : nee 60 kg/mm* )- 
(8) ‘Diagonals (Steel: 30XT CAS OF = approx. 60 kg/an* ). 
(9) Attachments between the Thrust Frame and the Central Section 
(10) Bolt Holes for Attachment of the Tail Shell - . 
(11) Hole for the Gonneotion Screw (Thrust Frame and central Section)’ 


(12) Bracket eee Steel Ql "OB = approx. 60 © g/m" + O Spree: 
85 ‘ay | 2 


63 Indicates Tensile Strength | 


aos Indicates Blastic Limit 
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